The usual anatomical description of the course of the nerve roots is that they run 
ascending roots may be radiologically demonstrable. The effects and significance of the anomaly are discussed.
E XKA Terminology
In this paper the individual filaments as they arise from the cord are termed "rootlets". From the points where they join to form bundles and evaginate the dura mater, they are called "roots", qualified if necessary by the description dorsal and ventral. From their points of fusion distal to the ganglia they are termed "nerves". Root pouches are the small funnels leading from the cord dura to the root sheaths. The term "cord dura" refers to the sheath .... around the cord as opposed to its extension around the roots or root sheaths. A segment of cord dura is t its length from root to root, measured from the inferior border of roots at their origin from the cord dura.
Materials and Methods
Subjects were routine necropsy cases in a general hospital. With the exception of one Maori and one Hindu all were of European racial extraction. Some selection was exercised in that all available neurological cases with cord involvement and all young adults were included, while the very young and cases of gross spinal deformity were excluded. In older cases, dissections were made at random as time and circumstance permitted. Of the 80 subjects, 45 were males. After completion of the ordinary necropsy the subject was placed prone with the head over the end of the table. Muscles were dissected off the spines and laminae; the spines were removed as a preliminary operation to enable access by the vibratory saw which was then run up and down a short distance lateral to the base of the spines. Care was taken to FIG. 1.-Case 64: Ascending roots, C8-T9. prevent the blade slipping deeply into the canal and in most cases injury to roots was avoided or was minimal.
Caudally, dissection extended at least to L4; in the neck The most commonly affected roots were those from C8 to T9 (Table II) . The eighth cervical nerve was involved in 27 5 %Y of cases, the seventh in 12-8 %, and the sixth in 10-2% of cases. In Cases 1 and 2 the uppermost limit was not determined. In Case 74 there were ascending roots at C2, C3, and C4, apparently related to the condition of platybasia with a large foramen magnum and posterior defect in the atlas; roots C5 to C8 ran slightly caudally while Tl again was horizontal and lower roots ran acutely downwards. cervical myelograms already available in the Radiology Department. It seemed from examination of these that the course of the cervical nerve roots could be inferred from the position of the root pouches in relation to the pedicles and intervertebral foramina (Fig. 4 ). Frykholm's (1951b) observations that the cervical roots did not show the same prolongation of arachnoid space as seen in lower roots appeared to be correct. Discussion Although ascending nerve roots were described by Baldwin in 1908, subsequent references to them are few and concern their occurrence in the lower cervical region, as described in particular by Frykholm (1951a and b) , with the Arnold-Chiari malformation (Barry, Patten, and Stewart, 1957) , and in Pott's disease (Seddon, 1956) .
Descriptions of the direction of cervical roots based on dissections of fixed excised cervical spines, as in most of Frykholm's necropsy material, and in those of Payne and Spillane (1957) , do not properly define their normal position since there is considerable up-and-down movement with flexion of head and neck. Any description must, therefore, be in relation to a stated posture. Further, formalin fixation produces dural shrinkage from each free end.
Observations presented here admittedly have the disadvantage of being based on post-mortem material with consequent inability accurately to reproduce living posture. Nevertheless, it appears probable that under the circumstances of the dissection, a reasonable approximation to the living position is achieved. If this is accepted then ascending roots appear to be an extremely common finding almost suggesting a physiological or ageing change in adults.
The difference between younger and older age groups, as can be seen from Fig. 2 , is not only one of incidence, but also of extent. Of the seven cases affected below the age of 25 years, one pair of roots only was involved in two subjects. In another two, aged 6 and 8 years, the transverse direction of roots probably represented a minor variation in differential rates of growth between spine and dura and could not at such ages be certainly regarded as abnormal. In a fourth case, ascending roots at C2, 3, 4, and 5 appeared due to the anatomical anomaly of platybasia and of absence of the posterior arch of the atlas. Only in the remaining two were changes extensive and really comparable to those in adults. However, in these pathological changes were present. In Case 53, a male haemophiliac aged 16 years, the dura was tightly bound to the disc T1 1-12 and in Case 68 the subject, a male aged 18 years, had been an asthmatic since childhood and had a marked thoracic kyphosis. Table I  ( 1951a) . Again, combining ascending and transverse roots, the figures for roots C6, C7, and C8 are 73%, 83%, and 80% respectively. However, the position of the head is not stated. Frykholm (1951b) had concluded that ventroflexion of the neck resulted in only very slight upward movement of the dural sac, so that angulation of nerves remained largely unaffected and conditions in adults could be regarded as practically constant. These conclusions cannot be accepted and possibly failure to make allowance for movement may account for some of the difference between his and the present findings. As previously stated, any error in the present work in adjusting posture to normal lies on the side of insufficient extension with conservative results. It is further conceded that in many cases very little more extension would have so altered the direction of the lower cervical roots that they would have been differently classified.
Cause
Ascending roots are obviously only a manifestation of the fact that their origins at the cord dura are lower than their corresponding intervertebral foramina. Several mechanisms can be conceived whereby such a relationship might be found in normal erect posture. These include (a) deviation from normal differential rates of growth between spine and dura; (b) an acquired downward displacement of dura due to traction on, or contraction within, its lower section; (c) a passive "fall" of dura and cord within the canal, due either to their lengthening, or to shortening of the spinal canal, or (d) an increase in length of the canal itself with a shift in position of the cord and dura.
(a) As one possibility the concept of failure in differential rates of growth has been advanced by Frykholm (1951b) . However, the present series of cases demonstrates that the anomaly develops chiefly between the ages of 25 and 40 years, whereas it is known that full adult stature and maximum growth of spine are attained by the age of 24 years. The proportion of cases found to have ascending roots in young age groups was 38 % and this included some where recognizably pathological causes were operating as discussed above. It seems fair to assume, therefore, that no greater proportion could, in ages over 25 years, be due to abnormal developmental and growth factors. Somewhat more than half of the 82 % of anomalous cases in these latter age groups must be acquired in nature and probably very few are due solely to deviations in differential rates of growth.
(b) The possibility of a downward displacement of the lower end of the dural sheath has been reasonably well eliminated by establishing that in 28 anomalous cases the level of origin of the third lumbar nerve bore its normal relation to the intervertebral foramen when compared with 12 normal cases (Reid, 1958) .
Primary contraction of certain segments of dura seemed probable in some cases. Thus in Case 50 a single ascending root at T8 was situated above a demonstrably short segment of dura, as illustrated previously (Reid, 1958) . Ordinary observation has repeatedly suggested that segments of dura below a group of ascending roots are shorter than the corresponding sections of spinal canal as measured between intervertebral foramina. However, such shortening could be relative or apparent only and actually due to a local increase in length of the canal. In four cases in which careful measurements were made (Reid, 1958) , the dura was found to be shorter than the corresponding length of spine and in two of these such shortening was irregular and varied in amount in adjacent segments of dura, suggesting a primary contracture. However, no cause was apparent and microscopic sections of different parts of dura were unrevealing. The presence of ascending roots above the kyphus in Pott's disease is confirmatory evidence that inflammatory fibrosis and shortening may indeed be causal factors, and similar mechanisms may operate in cases where the dura is adherent to protrusions from the anterior wall of the canal. However, in the present dissections such changes were found in four cases only. In quite a number, the lower thoracic and lumbar dura appeared rather firmly but diffusely attached to the posterior ligament so that it could not be readily stripped out of the canal. The cause was not apparent.
(c) With normal flexion of the head and neck, there is considerable stretching of the cord and dura, particularly between roots C2 and TI, as is shown in a following paper (Reid, 1960) . It is conceivable that these segments might actually become elongated with repeated stresses over many years and that the thoracic cord and dura would be displaced downwards by a passive fall. In such cases the dura might be expected to be slacker than normal, but this was not noticed in younger ages where a normal or increased tension was the rule. It was suggested by Frykholm (1951b) that a passive fall of dura and cord might follow degeneration of cervical discs. The degree to which this might be offset by other ageing changes such as straightening of the cervical lordosis cannot be calculated but it would seem probable that such shortening of the upper spinal canal might at least be a contributory factor in older age groups. It is less easy to accept this as the primary mechanism in the ages of 25 to 40 years when the anomaly chiefly develops.
(d) Changes which occur in the overall length or in the length of different sections of the spinal canal at different ages do not appear to have been examined in detail. As mentioned, the cervical lordosis is said to straighten with age (Payne and Spillane, 1957 ) and a thoracic kyphosis may appear as early as 30-35 years (Weston, 1959) . Both of these changes resemble flexion of the spine which may readily be shown to increase the length of the canal by its effect in augmenting tension of the cord and dura. However, it is not certain that ageing changes have the same result since they may be counterbalanced to some degree by degenerative shortening of vertebrae and discs. In early adult life it seems probable that with kyphosis the canal may undergo some lengthening.
With such increase in length, the dura must either stretch or move bodily upwards. From the normal position of the third lumbar nerve root, in observations already quoted, it may be accepted that the dura does not move cephalically and it follows that stretch must occur. Should this result in a local elongation or "give" rather than a more diffusely distributed stretching, then segments below will show a downward displacement within the canal and, if this is of sufficient degree, ascending roots. The section of dura and cord which is subject to most frequent and most severe stretching is that between roots C2 and Tl and an actual elongation here would not be surprising under increased tension from a lengthened canal. Such a hypothesis would explain why, in cases with ascending roots, the upper limit of the anomaly appears in general to lie in the lower cervical region. If the length of the canal were increased locally due to upper thoracic kyphosis, then the picture as generally seen (Fig. 3) would be adequately explained. To account for those cases where only mid-thoracic roots are involved, it would be necessary to postulate a lower thoracic kyphosis and a "give" in the dura just above. The first of these conditions is not unreasonable since radiological evidence suggests that the thoracic kyphosis of age may first appear in the lower rather than the upper thoracic spine (Weston, 1959) .
Of the possible mechanisms which have been discussed, it may be said in summary that developmental factors are probably by themselves an uncommon cause of ascending roots; that local inflammatory contraction of dura has been infrequently demonstrated; that passive fall of the dura and cord from degeneration of the cervical spine seems unlikely in the age group at which the anomaly chiefly appears; and that the frequency of the condition in young adults suggests some postural alteration rather than gross pathological change.
In any one case, more than one factor may be operating Ascending cervical roots might also imperil the blood supply to the cord. In this region, only one major arterial contribution is made to the anterior spinal artery along any one of the roots C6 to C8 (Woollam and Millen, 1958) of growth between the dura and the spine. The possible effects of an ascending direction of roots are discussed, particularly in terms of direct damage to cervical roots or indirect damage to the cervical cord by interference with the radicular contribution to the anterior spinal artery. In some circumstances the upward direction of roots may be an indication of abnormal stretching of the dura and cord, making the latter unduly susceptible to pathological processes.
